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Oviduct chromatin was isolated from both estrogenized and non-estrogenized hens. Extraction of the 
chromatin with 2 M NaCl removed a majority of the proteins, and the resulting DNA was then separated 
into two components: (1) a major fraction which was virtually protein-free; and (2) a minor fraction which 
was complexed with proteins. It was found that the DNA fraction that is complexed with proteins 
contained ovalbumin gene sequences and that the concentration of these sequences could be boosted by 
estrogen-treatment. 




The mechanism of control of gene expression in 
eukaryotic systems has been under investigation 
for many years, and the possibility that proteins 
serve as regulatory elements has been postulated by 
many laboratories (review [l]). Recent advances in 
DNA cloning and nucleotide sequencing have pro- 
vided evidence that the flanking and intervening se- 
quences are important in gene expression [2]; for 
example, sequence rearrangements have been 
shown to alter the phenotype of such diverse 
organisms as bacteria [3], phage [4], yeast [5] and 
Drosophila [6]. However, it has also been 
demonstrated that ontogenic development does not 
depend on such rearrangements [7]. Also, analyses 
of restriction enzyme digests of chicken DNA 
isolated from various tissues have shown that the 
@-globin gene [8], ovalbumin gene [9], conalbumin 
gene [lo] and lysozyme gene [l I] appear to be 
structurally unaltered regardless of state of expres- 
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sion. Further, the sequences around the putative 
promotor sites of the ovalbumin gene [12] cloned 
from DNA of producer and nonproducer tissues 
showed no differences. It is therefore possible that 
additional factors (proteins) are required for the 
temporal expression of specific genes. 
To analyze the role of proteins, various 
laboratories have treated the nucleus with high salt 
concentrations, thereby removing most of the 
histones and non-histone chromosomal proteins, 
resultant nuclear structures being variously termed 
the scaffold (metaphase chromosomes [ 131) and 
the nuclear matrix (interphase nuclei [14-161). It 
has been suggested that the residual structure may 
be important in DNA replication [17] and in 
transcription [18]. Further, the proteins in these 
salt-resistant structures have been shown to bind 
estrogen-receptor complexes [19] and testoste- 
rone-receptor complexes [20] and to contain 
tissue-specific antigens [21,22]. We have demon- 
strated that these salt-resistant proteins significant- 
ly affect transcription [23]. 
Early studies on the nuclear matrix emphasized 
the significance of the nuclear matrix proteins [24] 
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and involved treatment of nuclei with DNase I or 
endonucleases prior to salt extraction. Since DNase 
I preferentially digests active sequences [25], there 
is some doubt as to the nature of the DNA remain- 
ing in such preparations. Several investigators have 
changed the protocol, using salt-extraction prior to 
nuclease treatment [26]. This allows the study of 
both the nuclear matrix proteins and its associated 
DNA. We extract chromatin with 2M NaCl then 
separate the DNA on the basis of protein-DNA 
interactions [27-291. Our scheme results in two 
DNA subfractions: 
(1) DNA-P, the minor fraction which is tightly 
complexed with salt-resistant proteins; 
(2) DNA-S, the major fraction which is essentially 
free of protein. 
This method allows us to analyze both the pro- 
tein and DNA components in an effort to deter- 
mine whether the salt-resistant proteins interact 
specifically. We have suggested that DNA-P was 
enriched in tissue-specific genes [27-291. 
In [30] the ovalbumin gene was preferentially 
associated with the oviduct nuclear matrix, but not 
with the salt-resistant protein-DNA fraction 
isolated from liver. It is apparent that the 
DNA-protein complexes from oviduct and liver 
differ, thus implying that DNA-protein interac- 
tions may be significant in regulating gene expres- 
sion. Here we examined the distribution of the 
ovalbumin gene, using the protocols we had ap- 
plied to the globin and lactogen genes [27-291. 
These studies provide further evidence that active 
DNA is not randomly distributed with respect to 
salt-resistant proteins, but rather seems to frac- 
tionate preferentially with these proteins. 
2. MATERIALS AND METHODS 
2.1. Chromatin preparation 
Oviducts were removed from both stimulated 
(injected with diethylstilbesterol at 5 mg/hen for 
14days) and unstimulated (vehicle only) white 
leghorn laying hens. Chromatin was prepared by 
the methods in [3 l] with minor modifications [27]. 
Briefly, tissues were ground in Tris-buffered 
sucrose, cells broken and nuclei washed in 0.2% 
Triton X-100, nuclei broken in hypo-osmotic buf- 
fer, nucleoli removed by centrifuging through 
1 .l M sucrose, and chromatin purified by cen- 
trifuging through 1.7 M sucrose. 
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2.2. Chromatin fractionation 
The chromatin was extracted with 2M NaCl. 
Centrifugation through a cushion of 1 M 
sucrose-2M NaCl at 60000 rev./min for 24 h 
results in a pellet that contains DNA and any salt- 
resistant proteins and a supernatant hat contains 
all of the histones and most of the non-histones. 
This extraction procedure is repeated, and the final 
pellet is dialyzed against TPD (IOmM Tris-HCl 
(pH 8.2), 0.1 mM phenylmethylsulfonyl fluoride, 
0.2mM dithiothreitol). Following dialysis, the 
DNA tightly associated with proteins is freed from 
the bulk soluble DNA by shearing as in [29]. The 
two DNA fractions can then be separated by low- 
speed centrifugation, the protein-DNA pellet be- 
ing termed DNA-P and the soluble DNA termed 
DNA-S. 
2.3. DNA purification 
The DNAs from both fractions as well as DNA 
from total unfractionated chromatin was purified 
as in [29]. All samples were treated with proteinase 
K and extracted with chloroform : isoamyl alcohol. 
To insure that hybridization reactions contained 
no RNA, both RNase and alkaline hydrolysis were 
used. The deproteinized DNA was ethanol- 
precipitated, dissolved in distilled water, sheared to 
-500 basepairs, and hydrolyzed in 0.3 N NaOH. 
The final pure DNA was neutralized, ethanol 
precipitated, and stored at -20°C until use. 
2.4. Preparation of the probe 
The plasmid pOV230, ovalbumin cDNA cloned 
into pMB9, was kindly provided by Dr B. 
O’Malley. Nick-translation of pOV230 with [32P]- 
dCTP as in [29] and separation of products from 
precursors on Sephadex G-50 resulted in a probe 
with spec.act. 2.4 x lO’cpm/pg. 
2.5. Hybridization 
Prior to hybridization, the samples were heated 
to 95°C for 30min. Hybridization was conducted 
at 68°C for 96 h in 0.3 M NaCl as in [29]. The in- 
cubation was stopped by the addition of cold Sr 
nuclease buffer (0.15M NaCl, 1 mM ZnS04, 
30mM sodium acetate, pH4.5). Sr nuclease was 
added, and digestion proceeded for 40min at 
40°C. The hybrids were scored by collecting on 
DE-81 ion-exchange paper. This was followed by 
sodium phosphate and distilled water washes, and 
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subsequent counting in PPO-toluene scintillation 
cocktail. 
2.6. Other methods 
Sizing of DNA was done by electrophoresis on 
3% agarose gels as in [32]. Concentrations of DNA 
were determined as in [33], RNA in [34], and pro- 
tein in [35]. 
3. RESULTS 
The preparation of salt-resistant subfractions 
without the use of nucleases affords us the advan- 
tage of analyzing both the protein and DNA com- 
ponents. We have found that salt extraction results 
in total removal of histones and -95% removal of 
non-histones. The remaining proteins are found 
exclusively with the DNA-P fraction. We have in- 
dicated that DNA-P shows considerable enrich- 
ment of active genes even though it comprises a 
relatively small fraction of the genome. Here, we 
have found that DNA-P from oviduct contains 
-14% of the total DNA and displays some enrich- 
ment in the ovalbumin gene sequences. 
The solution hybridization data presented here 
(see fig. 1 and table 1) indicates that the C,t, 
(mol nucleotides .1-l. s-l at 50% of maximum 
hybridization) of DNA-P in the unstimulated hen 
is -400, while the C,t, of DNA-S is -3500, and 
the CotI/, of DNA-T (total, unfractionated DNA) 
is 1200. This data suggests that there is a 3-fold 
enrichment of the ovalbumin gene in our DNA-P 
fraction and a correlated depletion of the 
ovalbumin gene from the DNA-S fraction. The 
enrichment factor of 3 compares favorably with 
the results in [30]. The data further suggests that 
42% of the ovalbumin gene sequences are found in 
DNA-P (Qo yield of DNA x enrichment factor). 
While it is true that laying hens actively produce 
ovalbumin, it has been shown that treatment with 
estrogens can enhance this gene’s expression [36]. 
In the case of the diethylstilbesterol-treated hens, 
the C,t, of DNA-P dropped to 200, thus ex- 
hibiting an enrichment factor of 6. 
4. DISCUSSION 
The treatment of oviduct chromatin with 2M 
NaCl results in a residual fraction enriched in 
ovalbumin gene sequences. Because of the similari- 
ty in methodologies, it seems likely that the pro- 
teins in our fraction show some relationship to 
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Fig. 1. Reassociation kinetics of nick-translated (“P) 
pOV230 to DNA-S (0), DNA-T (o), DNA-P,,,li,. ( n ), 
and DNA-Pstim. (0). The data represents he average of 
triplicate measurements. Error in measurement by 
solution hybridization is c 10% [29]. 
Table 1 




C,tlh (M.s-‘) Qo Maximum Enrichment 
hybridized factor 
DNA-T 1200 86% 1 
DNA-S 3500, est. 74% 0.34 
DNA-F”,,lim. 400 88% 3.0 
DNA-F,tim. 200 91% 6.0 
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nuclear matrix or nuclear skeleton proteins. It has 
been suggested that the proteins we observe may be 
components of the nuclear matrix [30], and it is 
possible that some of the functions ascribed to the 
nuclear matrix may actually reside in the DNA-P 
itself, rather than in non-chromatin derived 
segments of the nuclear matrix. 
It has been shown that the nuclear skeleton, a 
structure similarly isolated as the nuclear matrix, 
binds ribonucleoprotein (RNP) complexes which 
show rapid labeling of the hnRNA [37]. It has also 
been shown that the DNA-P fraction is enriched in 
RNA [20]. Since it has been reported that RNP 
particles are bound to chromatin [38], it is possible 
to envision a network wherein RNP particles 
would be attached both to the nuclear skeleton and 
to chromatin, in particular, to actively transcribing 
chromatin. The data clearly points to the 
significance of the DNA-P fraction in that it is pro- 
bably intimately associated with nuclear skeletal 
structures and is important both in transcribing 
and in replicating functions. 
While it is tempting to propose that the proteins 
found in the DNA-P are tightly bound, we have 
not discounted the fact that many of these proteins 
may simply be insoluble in our salt conditions and 
therefore co-sediment with the DNA. It is presum- 
ed, however, that some of the proteins are tightly 
bound, since it has been shown that strong dena- 
turants are required to effect complete dissocation. 
The similarity of our proteins to nuclear antigens 
has been reported [22], and we therefore are 
postulating that at least some of the proteins are 










Wang, T.Y. and Kostraba, N.C. (1978) in: The cell 
Nucleus (Busch, H. ed) ~01.4, pp.289-317, Aca- 
demic Press, New York. 
Breathnack, R. and Chambon, P. (1981) Annu. 
Rev. Biochem. 50, 349-383. 
Adhya, S.L. and Shapiro, J.A. (1969) Genetics 62, 
231-247. 
Kleckner, N.O. and Ross, D.G. (1980) J. Mol. Bio. 
144, 215-221. 
Errede, B., Cardillo, T.S., Sherman, F., Dubois, 
E., Deschamps, J. and Wiame, J.-M. (1980) Cell 
22, 427-436. 
Bingham, P.M. (1981) Cold Spring Harbor Symp. 

























Ananiev, E.V. and Ilyin, Y.V. (1981) Chromosoma 
82, 429-435. 
Engel, J.D. and Dodgson, J.B. (1978) J. Biol. 
Chem. 253, 8239-8246. 
Weinstock, R., Sweet, R., Weiss, M., Cedar, H. 
and Axel, R. (178) Proc. Natl. Acad. Sci. USA 75, 
1299-1303. 
Cachet, M., Gannon, F., Hen, R., Maroteaux, L., 
Perrin, F. and Chambon, P. (1979) Nature 282, 
567-574. 
Nguyen-Huu, M.C., Stratmann, M., Grover, B., 
Wurtz, T., Land, H., Giesecke, K., Sippel, A.E. 
and Schultz, G. (1979) Proc. Natl. Acad. Sci. USA 
76, 76-80. 
Gannon, F., Jeltsch, J.M. and Perrin, F. (1980) 
Nucleic Acids Res. 8, 4405-4421. 
Laemmli, U.K., Cheng, S.M. and Adolph, K.W. 
(1977) Cold Spring Harbor Symp Quant. Biol. 42, 
351-360. 
Berezney, R. and Coffey, D.S. (1977) J. Cell Biol. 
73, 616-637. 
Comings, D.E. (1978) in: The Cell Nucleus (Busch, 
H. ed.) vol. 4, pp. 345-371, Academic Press, New 
York. 
Long, B.H., Huang, C.Y. and Pogo, A.O. (1979) 
Cell 18, 1079-1090. 
Pardoll, D.M., Vogelstein, B. and Coffey, D.S. 
(1980) Cell 19, 527-536. 
Rackowicz-Sculczynska, E.M. and Horst, A. 
(1981) Biochim. Biophys. Acta 653, 69-82. 
Spelsberg, T.C., Webster, R., Pikler, G., Thrall, C. 
and Weiss, D. (1976) J. Ster. Biochem. 7, 
1091-1098. 
Wang, T.Y. (1978) Biochim. Biophys. Acta 518, 
81-88. 
Chytil, F. and Spelsberg, T.C. (1971) Nature New 
Biol. 233, 215-218. 
Pumo, D.E., Wierzbicki, R. and Chiu, J.-E. (1980) 
Biochemistry 19, 2362-2367. 
Bekhor, I. and Samal, B. (1977) Arch. Biochem. 
Biophys. 179, 537-544. 
Berezney, R., Basler, J., Hughes, B.B. and Kaplan, 
S.C. (1979) Cancer Res. 39, 3031-3039. 
Weintraub, H. and Groudine, M. (1976) Science 
193, 848-856. 
Berezney, R. and Buchholtz, L.A. (1981) 
Biochemistry 20, 4995-5002. 
Bekhor, I. and Mirell, C.J. (1979) Biochemistry 18, 
609-616. 
Gates, D. and Bekhor, I. (1980) Science 207, 
661-662. 
Norman, G.L. and Bekhor, I. (1981) Biochemistry 
20, 3568-3578. 
Robinson, S.I., Nelkin, B.D. and Vogelstein, B. 
(1982) Cell 28, 99-106. 
Volume 150. number 1 FEBS LETTERS December 1982 
[31] Bhorjee, J.S. and Pederson, T. (1973) Biochemistry 
12, 2766-2773. 
[32] Helling, R.B., Goodman, H.M. and Boyer, H. 
(1974) J. Virol. 14, 1235-1244. 
[331 Burton, K. (1955) Biochem. J. 62, 315-323. 
1341 Dische, Z. and Schwarz, K. (1937) Mikrochim. 
Acta 2, 13-19. 
[35] Bradford, N.M. (1976) Anal Biochem 72,248-254. 
[36] Swaneck, G.E., Kreukaler, F., Tsai, M-J. and 
O’Malley, B.W. (1979) Biochem. Biophys. Res. 
Commun. 88, 1412-1418. 
[37] Miller, T.E., Huang, C.Y. and Pogo, A.O. (1978) 
J. Cell. Biol. 76, 675-691. 
[38] McKnight, S.L. and Miller, O.L. (1976) Cell 8, 
305-319. 
121 
